Students have to practically face numerous hard and ill-structured problems when they go to work. However, the separation of theory and practice in traditional instruction makes knowledge be inert and provides no opportunity for students to personally experience the ill-structured problem solving procedure. In order to provide students with an experiential learning experience and understand the effect of a 3D virtual learning environment in students' ill-structured problem-solving ability, the present study designed a 3D virtual company (3DVC) for the participants to be a general manager to solve the complex problems for different departments. In order to confirm that the instruments used in the present study are reliable and valid in understanding students' problem-solving ability and attitude toward the learning system, the present study selected twenty business students to participate in the pilot study. The entire procedure contains pretest, 3DVC training plus questionnaire, and posttest. The materials used in the tests are three complicated, difficult and open-ended questions for the participants to fix. Two management professionals graded each participant's answer and the participant's final score was averaged by the two graders' total score after confirming that the inter-rater reliability coefficient is above acceptable level. The results indicate that the participants performed significantly better in the posttest after the 3DVC training system, which reflects that the learning system is with reliability and validity and the questionnaire results also presented with good reliability and validity Keywords: Problem solving, virtual learning, 3D virtual learning environment.
INTRODUCTION
Students have to face numerous cases or different problems when they go to work. These problems are usually difficult and complex and make novices very hard to reach the answer. Therefore, educators have been trying different ways to enhance students' problem-solving ability. On the other hand, the advanced computer technology in the modern era has been widely applied to different areas of different level education. Especially, it is notable that the highly developed 3D modeling technique in the recent decade has been proved to be effective in enhancing students' professional cognition or skills. Therefore, the present study utilized 3D technology to help students' problem solving, and the purpose of the study is to conduct a pilot study to ensure that if a 3D virtual learning system is effective in improving students' problem solving through a pilot study.
In our opinion, paper knowledge remains inert if only it can be applied to the real world. If students can be trained with a situated learning environment to get first-person learning experiences, then, hopefully, their cost to become a person with rich experience would be highly reduced. Moreover, a safe and closed learning environment allows learners for repeated learning, which makes them be more confident and with higher self-efficacy to deal with the related problems in the future.
Based on Dewey's interest theories of leaning [4] , the learning environment with more multi-modal feedback will provide learners with stronger sense of presence and immersion, which thereby makes the learning experience more transferable to the real world. Additionally, according to situation and performance theory [5] , "People too often fail or behave below expectation due to the anxious feelings caused by the unfamiliar situations, if people have been well trained in a similar situation before they confront the real one, mostly they'll be skilled because they will have a firmer grasp of the situation". Therefore, we are trying to construct a 3DVC to expose students to a real-like environment and provide them with an opportunity to experience how to fix the ill-structured problems of the real world.
Supporting students' learning with VR technology
Learning is not merely the communicative process between learners and instructors of the classroom but the meaningful process about how to make knowledge be more transferable. The instruction media thus become the pivotal to implement the objective. In the recent decade, the advanced computer technology has made learning contents more abundant and flexible. From learners' viewpoint, technology plays the role of an important conveyor; it is to deliver the related learning information to the students, just like trucks pass goods to the stores [6] . Students learn from the delivery as the way customers buy goods from stores. However, learning is not merely memorizing, but a meaningful knowledge construction process supported by technology. Recently, modern computer technology has transformed learners' role from passive to be active with learner-initiated and learner-controlled functions by engaging learners in an active, constructive, intentional, authentic, and cooperative learning environment [7] . In this regard, a virtual learning environment (VLE) that constructed by VR technology would be the most proper alternative to support learning.
In the past decade, researchers from different areas have utilized VR technology to build various learning interfaces to facilitate students' learning. For example: medical educators [8] [9] [10] [11] [12] utilized VR's manipulatability and tangibility to provide learners with repeatable learning to make them be more skillful to operate the related facilitation when facing the patients. Science educators [13] [14] [15] applied VR's visualizability and tangibility to enhance students' learning, it is approved that some of the concepts are easily understood through the 3D learning interface. On the other hand, VR is also contributive on vocational training [16] , for the environment constructed from VR technology owns the feature of vividness; learners can acquire personal experiences through the real-like situations. This is why VR technology is widely applied to different application. Notably, VR is also helpful in special education [17, 18] , educators have utilized a 3D VLE to enhance autistic children's social interaction ability, and the outcomes indicated that the results are satisfactory. Recently, VR has been integrated with game-based learning concepts [19, 20] because of its real-time interaction with learners, their learning motivation are highly increased.
Based on the above cases, thanks to VR's help, learning has been transformed from the traditional lecture-centered procedure to be learner-centered activity and the related knowledge transference and application has become more expectable and possible. However, regretfully, VR remained play the role of a learning interface. From the perspective of business education, VR can do more on learning; it could be integrated with part of our daily life so that class learning would be more possible to be transferred to be the real world's problem-solving ability.
METHODOLOGY

System development
The present study utilized VR technology to construct a 3Dvirtual company (3DVC), in the 3DVC, there are three departments, which includes Finance, Marketing, and Production departments. The participants have to play the role of a general manager to solve different problems for the departments based on the pre-designed scenario. The layouts, sound effects, and situation of the 3DVC simulate the scenes of the real life. For example, the general manager has firstly come to the Finance department, when s/he knocks the door through clicking the mouse, the door opens automatically and the department manager comes to the face the lens to report the problem to the general manager. In order to make the participants understand the problem contents, the wordings of the problems are shown on the screen so that the participants would have time to consider how to figure solution alternatives for the department. There are text input areas on the screen for the participants to input their answers. All of the answers input by the participants are stores in the database system for future grading. Meanwhile, in order to make the participants understand that many cases or problems in the real world are often urgent and time-limited, the system allows thirty minutes for solving each problem.
The participants
The present study selected ten students with business management background to participate in the pilot study. They have taken the prerequisite course---management so that the experiment validity is ensured.
Measurement
In order to make the items as lifelike as possible so that it would be more helpful for the students' future business career, the items used in the experiment were firstly developed by the researcher based on the features of ill-structured defined by the prior study [21] , then send to be confirmed by two management professionals. Therefore, the content validity and face validity of the items are ensured.
Pilot study procedure
The present study then conducted the pilot study through pretest, 3DVC test, and posttest. The participants had to fill out a questionnaire after they finished the test. The purpose is to understand the reliability and validity of the system and questionnaire.
RESULTS AND DISCUSSION
The results and discussion of the test and questionnaire is reported as the following:
3DVC system
In order to confirm the validity and reliability of the 3DVC system, the present study processed as follows:
System reliability
Reliability refers to the stability and consistency of an instrument. The test results of a reliable instrument will not be influenced by external factors such as weather or test location. However, it is because ill-structured problems usually happen in the real world, each one has its different background or scenario. People would be hard to expect that two problems occur in totally the same situation; therefore, requesting the participants to repeatedly log into the system to confirm its reliability would lead to the doubts of maturation effect. Moreover, even the same subject face the same problem twice, s/he may not generate the same solution results at different times. Hence, the present study selected twenty business students, who had taken the prerequisite course, management, to participate in the pilot study. Notably, the participants of the pilot study were isolated from that of the formal experiment so that the experiment validity is out of question. After that, the two prior-noted management professionals were invited to evaluate the students' performance and then conducted inter-rater reliability analysis to understand if the system is reliable in improving their problem-solving ability. Note: The p value is rounded off to the third decimal place *p< 0.05; **p<0.01; ***p<0.001 Note: The p value is rounded off to the third decimal place *p< 0.05; **p<0.01; ***p<0.001
In order to reflect the pilot study results as object as possible, the present study invited the two prior-stated management professionals to conduct the grading. The researcher had meeting and discussion with the professionals about how to reach grading consensus. However, because the participant number of the pilot study is less than that of the formal experiment; the grading load was relatively lighter. Sequentially, the present study conducted inter-rater reliability analysis to confirm if the grading results are acceptable. The results indicated that the inter-rater reliability coefficients in the pretest, 3DVC, and posttest stages are .788, .799, and .793, which imply that the results are fairly acceptable. Therefore, the present study went further to conduct paired sample t-test to understand if the participants' performance is improved after the 3DVC training.
Based on the results reported in Table 1 , we can see that the mean in the pretest is 41.03 (SD= 8.74); the mean in the 3DVC is 50.75 (SD= 7.91), it is encouraging that the results indicate that the participants improved significantly in the 3DVC training. Moreover, though the participants' performance in the posttest (Meanposttest = 46.35) (see Table 2 ) is slightly lower than that of the 3DVC (Mean3DVC = 50.75), it still significantly outperformed pretest (Meanpretest = 41.03). Accordingly, the preliminary results showed that different students had better performances; this implies that the system has acceptable reliability.
System validity
Validity refers to the extent that a tool can really describe the fact or feature of the subject. In order to understand if the system validity is trustable, the researcher briefly asked the twenty students' thinking about the system after they had finished the 3DVC system. It is notable that all of them expressed that the system is with good learnability even though they had different comments or thoughts. This implies that the system validity is satisfactory.
On the other hand, the researcher also invited the two management professionals and two system designers (one is a licensed multimedia designer and the other is a animation and programming professor) to evaluate the system validity. The researcher had intensive discussion with the four experts and the system was revised for several times based on the experts' suggestions (for example: one of the management professional provided comments for adapting the scenarios of the problems of the problems and the two system designers revised the front and back end of the system for several times based on their theoretical and practical background). Therefore, in general, the system validity is acceptable from learners' and experts' standpoint.
One point very important is that ill-structured problems usually happen in our daily life, each problem may have unique background or scenario, it is not adequate to confirm the system reliability and validity through repeated testing, moreover, once the contents of the system is exposed to the students, there would rise the doubts of "maturation effect". Therefore, the present study employed the way that has been stated as the above.
Questionnaire
The present study is now reporting the pilot study results of the questionnaire:
Item analysis
The purpose of conducting item analysis is to understand each item's critical ratio (CR) of the questionnaire. The present study firstly calculated each respondent's total scores from the items and then analyzed the percentile of the data by sorting out the top 27% and the lower 27% of the total scores. This is followed by conducting independent sample t-test of the two groups. If the t value (CR value) of the item is not significant, this item should be eliminated because it implies that the item is not with discrimination capability. Those who are with significant CR value should be kept for sequential investigation.
Table-3: Independent t test of the items in the pilot study
Items CR value 1.The layouts of the VLE fully reflected the real world's situation.
-3.087* 2.The virtual objects of the VLE presented vividly.
-4.017** 3. The background sound effects of the VLE played naturally.
-3.838** 4. The interaction of the VLE was interesting.
-4.919*** 5.The problems of the VLE mirrored the real life's condition.
-3.536** 6.I think the VLE is helpful in enhancing me to solve the complex problems in the future.
-2.596* 7.I think the VLE is helpful in enhancing my ill-structured problem-solving ability.
-2.846* 8.I think the role-playing of the VLE gave me sense of achievements.
-3.578* 9.I think the role-playing of the VLE provided me an important experience of solving ill-structured problems.
-3.651** 10.I think the question prompt of the system is beneficial in helping me to judge the problems.
-3.182* 11.I think the question prompt of the system helped me to systematically solve the ill-structured problems.
-4.017** 12.I think the question prompt of the system helped me to simplify the complex problems.
-4.690** 13.I think the expert model of the system helped me to clarify the logic of the ill-structured problems.
-3.578** 14.I think the expert model of the system was helpful in my ill-structured problem-solving ability.
-3.111* 15.I think my problem-solving ability has been improved after training by the system.
-5.715*** 16.I think my knowledge application ability could be enhanced through the related learning system.
-4.690** 17.I think the VLE is helpful in shortening the gap between theory and practice.
-5.196*** 18.I think the VLE is easy to use.
-4.536** 19.I think the VLE is interesting.
-4.264** 20.I hope I can have another opportunity to use the similar system.
-4.919*** 21.I hope my teachers can teach us by the way that is different from the traditional one as possible as they can.
-4.264** Note: *p<.05; **p<.01; ***p<.001.
The results of Table 3 indicate that the CR value of each item is significant, which implies that all of the items are worthy to be maintained for future analysis. Additionally, the manuscript of the questionnaire was sent to a professional for ensuring the wording. After discussion, the wording was slightly revised based on the expert's suggestion. Moreover, the researcher specifically and briefly noted the definition of ill-structured problem at the end of the close-ended items for the participants' better understanding.
Reliability analysis
In order to understand if the items are stable and reliable, the present study sequentially conducted questionnaire reliability analysis through testing the coefficients of Cronbachα for each item. The higher the coefficients, the better the internal consistency of the items. The results are revealed as the following: In the reliability analysis, if the item coefficient is greater than the construct coefficient, this reflects that the construct reliability will be better when the item is eliminated, then the item should be removed.
Based on the results reported in Table 4 , we can see that the αvalue of each item is lower than that of the construct; this implies that the items are with good internal consistency. In addition, it is generally accepted that the item is with high reliability if theαvalue is greater than 0.8 [4] or 0.7 [21] . The results indicate that the items are all with internal consistency. Accordingly, all of the items should be kept for the future formal investigation.
